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1. Introduction 


Many authors (ZnaAZEvskI 1957; SATCHELL 1958: GnitAROv 1963, 1965; Srina 1967; 
Brauns 1968) stress the significance of soil organisms including algae and earthworms. 
For the understanding of biological activity of soil it is important first of all to study 
mutual relations between different soil organisms (Törne 1963, 1964: Guitarov 1965, 
1968). 

A number of authors (GoLLERBACH and SmixA 1969; PocreNE 1963; MaksiMova 1966) 
have investigated mutual relations between soil algae and bacteria, algae and higher 
plants. The positive effect of earthworms on the densities of mieroorganisms and plant 
harvests has also been established (Day 1950; KazrovskaJA 1969; ZmaZEvskr 1957; 
June 1967: AvtLAvINYTE, BAGDONAVICIENE, BUDAVIČIENĖ 1968; ATLAVINYTE, LUGAUS- 
KAS 1972, etc.). Interesting studies were performed regarding the numbers of water algae 
and Protozoa on insects that may disseminate them (REVILL, STEWART, SCHLICHTING 
1967). 

We have found no information on the mutual numerical ratio between algae and earth- 
worms in the soil. 

While carrying out ecological investigations on algae and earthworms in the soil and 
elucidating the effect of earthworm densities on the numbers of microorganisms and on 
the intensity of humification of organie matter the first studies were performed that 
analyzed the influence of earthworms on the amount of algae (PoCIENE, ATLAVINYTE, 
GiiGarrE 1971). It is now necessary to establish the effect of earthworm densities on the 
amount of soil algae. 


2. Methods 


Vegetative and field experiments were carried out in 1969—1971. For the former experiments 
plastic 5 l pots were filled with 3—4 kg of sieved soil and different numbers (8; 16; 24; 32 or 10; 
20; 30) of earthworms (.\llolobophora caliginosa Sav. f. typica) were added. Vegetative pots con- 
taining 8 earthworms equalled 230 specimens per sq. m of soil under field conditions; it is such 
number of earthworms that is found on an average in Lithuanian soil during vegetation period; 
16 earthworms in a pot equalled 460 specimens in a m?, i. e. seasonal maximum and 32 earthworms 
was equal to 720 specimens of them in a m?, i. e. very rare seasonal maximum (Visockis, GED- 
VILAITE, ATLAVINYTE 1962; ArLAvINYTE 1973). Experiments were performed in a soddy pod- 
zolie loamy sand (Vr. V), soddy podzolie sandy loam (Sd) and soddy gleyish sandy loam (Ix). 
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In vegetative pots the following experiments were made: 

(1) algae were investigated when soil was fertilized by rye straw 60g per pot (i. e. 17 tons 
per ha) for the first time in spring and the second time the following spring; in autumn when some 
variants were fertilized 30 g of naphthalene was scattered in the straw layer; in summer vege- 
tative pots were kept in the open air, in winter they were taken into a hothouse (12—18 °C); 

(2) algae were investigated without the plant cover (when barley was harvested) and with 
plants, in a non-fertilized and fertilized by urea (0.5 g of Nu, i. e. 196 kg per ha) soil. 

Variants of field experiments were 1 m?, isolated by polyethelene film up to 50 em in depth. 
Earthworms were picked up by digging up soil layers in control variants; in other variants of the 
same size earthworm numbers were increased up to 500 specimens per m?. We investigated algae 
when barley was harvested; such was the case with variants of nou-fertilized and fertilized by 
straw soil. 

All experiments had 3 replications. For the analysis of algae under field conditions soil was 
taken 0—1 cm deep and from vegetative pots soil was sampled mixing all the layers. The cells 
of algae were counted with the accuracy of a unit according to Stina (1956). 

The observation of algae in the intestine of earthworms was performed after earthworms 
were held previously on the culture of algae artificially in laboratory and in soil under field con- 
ditions. 


3. Results 


3.1. The effect of earthworm densities on the numbers 
of algae in the soil fertilized by straw 
(vegetative pots) 

It is known that for the numbers of algae, soil properties and organic fertilizers are of 
importance (Stina 1959). While elucidating the effect of earthworm numbers on the den- 
sities of algae we tried to perform our experiments in various and differently fertilized 
soils. 

In the soddy gleyish sandy loam soil (K) fertilized by straw, algae were counted for 
the first and the second time after 4 months. Algae were found to be more numerous after 
the first than the second fertilization. In the variants with earthworms the amount of 
algae gradually decreased in both cases when the numbers of earthworms increased in 
vegetative pots, e. g. following the first fertilization algae decreased from 11.0 to 0.4 and 
the second time from 5.8 to 1.1 (in thousand/l g of soil). All groups of algae decreased 
evenly and as blue-green algae and diatoms were less they completely disappeared when 
the numbers of earthworms were higher, i. e. 24 and 32 (see table 1). 

In autumn when soils were fertilized with straw (K and soddy podzolie sandy loam 
— Sd) and after 5 months they were also analysed it was found that control variants 
of both soils had almost equal numbers of algae. The variants with 30 earthworms had 
no algae altogether. Variants that had as a fertilizer 30 g of naphthalene in a straw layer 
contained no algae either in contro] pots or in the pots with earthworms (table 2). It is 
to be mentioned that the number of earthworms and their activities in the soil accelerate 
straw humification from 10 to 50 per cent (ATLAVINYTE 1971). 

To establish whether algae are decreasing equally intensively in the surface and deep 
layers according to the numbers of earthworms we analyzed soil K (fertilized with straw) 
of the vegetative pots, namely surface layer (0—1 em deep) and mixed layers. When 
the densities of algae in different layers were compared, it became evident that only 
slightly higher densities of algae were found in a surface layer. In the variants with earth- 
worms algae decreased evenly in both soil layers when the numbers of earthworms gra- 
dually inereased (table 3). 

Our data show that algae and earthworms propagate in vegetative pots in an equal 
manner throughout all the layers of the soil. In the arable layer of cultured soils algae 
also propagate evenly (PocreNE 1960, 1961). 
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Table 1 The effect of earthworms on the amount of algae in soil K fertilized by straw (Beginning of experiment 30, LX. 1969) 


Time of algae 8. LX. 1969 
fixation 
Series of fertilized by straw for the first time 
experiments (30. IV. 1969) 
algae (number of cells, thousands/1 g of soil) 
Variants green blue-green diatoms 
1 2 1 2 1 2 
Control 8.2 4.4—13.9 1.8 1.4—23.5 1,0 0, —T31 
8 earthworms 5.7  2.9—11.3 1.2 131—1.8 0.7 0.4—1.1 
16 earthworms 9.7 1.4—6.9 08  07—1.1 0.2 0.0—0.7 
24 earthworms 28 1.3—5.8 0.3  03—04 — -— 
32 earthworms 0.4 — 0.4—0.5 - 


1 — average; 2 — minimum-maximum. The same in Table 2, 4—6. 


Total 


15. VILI. 1970 


fertilized by straw for the second time 


(30. 1V. 1970) 


green blue-green diatoms Total 
1 2 1 2 1 2 

0.0 0.0—0.1 5.83 1.38—11.9 0.5 0.1—0.9 5.8 
13  0.8—1.5 1.9 1.0—2.0 1.0  0.9—1.2 41 
0.6 — 0.3—0.9 1.1 01—23.6 0.9 — 0.4—1.1 2.4 
02 02—04 08  03—13 (0.6 O4—1.1 1.6 
0.4 0:3—0.9 0.1 0.0—C.4 0.6 0.9—0,9 1. 


Table 2 The effect of earthworm densities on the amount of algae in the soil fertilized by straw 
with and by naphthalene (Beginning of the experiment 5. X. 1970. Time of algae 
fixation 15. LLL. 1971) 


Series of fertilized by straw fertilized by 
experiments straw with 


naphthalene 


Soil and variants algae (number of cells, thousands/1 g of soil) 


green blue-green diatoms Total Total 
1 2 1 2 1 2 

Soil-K 

Control 1.6 14—1.8 14 1.1—1.2 0.6 0.6—0.7 3,3 — 


30 earthworms - 
Soil-Sd 
Control 1.2 0.9—1.3 0.3 0.8—0.4 2.6 2.4—3.0 4.1 — 
30 earthworms - 


Table 3 The effect of earthworm densities on theamount of algae on the surface of the K soil (1), 
in its mixed layer (II) fertilized by straw (Beginning of the experiment 30. IV. 1969. 
Time of algae fixation 8. IX. 1969) 


Variants algae (number of cells, thousands/1 g of soil) 

green blue-green diatoms Total 

I Il I Il I H I li 
Control 9.6 8.2 2.0 1.8 0.9 1.0 12.0 11.0 

8 earthworms 69 5.7 1.4 1.2 0.6 0.7 8.9 7.6 

16 earthworms 40 87 0.8 0.8 0.1 0.2 4.9 4.7 
14 earthworms 2.9 2.8 0.5 0.3 0.1 0.0 3.5 3.1 
32 earthworms 0.7 0.4 0.0 — 0.0 0.0 0.0 0.7 0.4 


3.2. 'The effect of earthworm densities on the amount of algae in soils 
under plants and without them 


In soils without plants, i. e. in soddy podzolie loamy sand — V and soil K, algae were 
investigated in 16 months, during the second season of vegetation. In both soils the den- 
sities of green and diatom algae were equal and blue-green algae were absent. In the va- 
riants with earthworms algae decreased gradually with the increase of earth worms (ta- 
ble 4). 

Algae in soils under plants were checked after 4 months when barley was harvested 
(the soils were the same — V and K). In this case the amount of algae was not the same. 
Blue-green algae were more numerous in soil V, diatoms were absent in soil K. With 
the inerease in the numbers of earthworms, algae gradually decreased in the variants with 
earthworms as in the above-mentioned cases. Comparing the same soils under plants and 
without them, algae were more numerous in soils under plants (17.0—10.7 and 9.9—3.4 
against 2.0—0.5 thousands per 1 g of soil; table 4). It is so because in soils without plants 
earthworms exerted their biotieal activities for a longer period and they have passed more 
soil though their digestive organs and therefore the amounts of algae remained there 
much more reduced. 

Algae were also investigated in a soil under plants that was both fertilized with urea 
(Nu) and not fertilized by it (soddy podzolic loamy sand — Vr). In both cases the amounts 
of algae were almost equal, the difference being that in the fertilized soil algae were re- 
duced more intensively in the variants with earth worms, e. g. in the non-fertilized variant 
from 13.0 to 5.0, in the fertilized one it was from 14.3 to 0.7 (thousand/1 g of soil). In 
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‘Table 4 The effect of earthworm densities on the amount of algae in the soil without plants and in the soil with plants (Beginning of the experi- 
ment 30. IV. 1969) 


Time of algae 16. VIII. 1970 8. IX. 1969 
fixation " 
Series of without plants with plants (barley) 
experiments aps —— — 
Soil and variants algae (number of cells, thousands/1 & of soil) 
green blue-green diatoms Total green blue-green diatoms Total 
1 3 l 2 $ 2 1 2 $ 2 l 3 
Soil-V 
Control 0.0 (17—1.1 — — bol 0.47—1.5 2.0 7.3 4,0—10.6 8.1 2.0—14.3 1.6 1.1—2.2 17.0 
8 earthworms 0.6 0.4—0.7 — — 0.8 0.28—1.3 1.4 n n n n 0.9 0.7—1.1 
16 earth worms 0.0 0.4—1.4 — — 03  023—04 1.2 n n n n n n n 
24 earthworms 0.6 20:2 = — 0.2 0.1—02 0:8 6.6 5.5—7.7 5.5 22-88 0.7 0.7—0.7 12.8 
32 earthworms 9.7 6.9—12.5 0.6 0,0—1.1. 0,4 0.2—0.4 10.7 
Soil-K 
Control 1.0 0,8—1.3 — E 1.0 0.9—1.1 2,0 8.8 6.3—10.3 1.1 1.0—1.2 — — 9.9 
8 earthworms 08 07—10 — — 0.6  0.4—0.7 L4 62  65—66 L1  10—12 — — 7.8 
16 earthworms (0.5 0.2—1.0  — — 0.3 0.2—0:3 0.8 5.0 3.2—6.9 0.9 0.8—1.1 — — 5.9 
24 earthworms 0.3 0:2—0.4 — — 0.3 02038 0.6 4,4 8,2—6.0 0.6 | 0:6—0.7 — — 4.0 
32 earth worms 03 02—04 — — 02 01—02 0.5 3.4 1.7—5.5 3.4 


n — not investigated. 
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Table 5 The effect. of earthworm densities on the amount of algae in the fertilized and non-fertilized soil (after barley was harvested). (Soil: 
soddy podzolie loamy sand — Vr. Beginning of the experiment 30. IV. 1971. Time of algae fixation 15. VELL 1971) 


Series of experiments — non-fertilized 


algae (number of cells, thousands/1 g of soil) 


‘ 


fertilized — Nu 


Virant green blue-green diatoms Total green blue-green diatoms Total 
AE L 2 i 8 i 39 i è 2 1 2 

Control 5.4 38.7—7.7 5.2 1.5—8.1 24 1.8—8.7 13,0 5.0 4.7—).4 7.8 6.2—9.6 1.5 14—1.7 14.3 

10 earthworms 9.0 1.5—L^ 44 1.4—6.0 1.0  1.1—8.9 9.3 3.89 22—44 24  2.2—23.0 1.4 L4—1.7 7.1 

20 earthworms 22 11—33 8.0 22—44 1.7 11-26 6.9 Ld 11—2.2 24 2.226 1. 1l.1—1.1 4.9 

30 earthworms mi 0.0—3:9 2:8 22—83 1.1 0.7—1.4 5.0 O4 — 00—0.7 03  0.0—0.7 — — 0.7 


Table 6 The effect of earthworms on the amount of aleae in the Field experiment (after barley was harvested). (Soil: soddy podzolic loamy sand 
— Vr. Beginning of the experiment 30. IV. 1970. Time of algae fixation 15. VIIL. 1971) 


Series of experiments — non-Tertilized 


algae (number of cells, thousands/L & of soil) 


green blue-green diatoms 
Variants*) 1 2 1 2 1 2 
Control 3.2 25-44 0.6 0.6—0.6 1.2 1.1—1.5 
560 specimens/m? 2.3  1.5—28.8 0.2  0.0—0.4 0.7 0.8—1.0 


fertilized by straw (5. X. 1970) 


Total green blue-green diatoms Total 
1 2 1 2 1 2 

50 3.1 1.8—47 3.4  18—58 0:7  0.0—08 72 

3.1 1.4 1.1—1.8 0.8 0.3—1.1 0.7 0.4—1.1 2.9 


a 


*) the size of a variant is 1 m2. 


the variant fertilized with urea the total amount of algae was reduced up to 20 times 
while diatoms in the variants with 30 earthworms have disappeared altogether (table 5). 


3.3. The effect of earthworm numbers on the amount 
of algae in soil — Vr (non-fertilized and fertilized by straw) 
under plants in field experiments 


In field experiments (when barley was harvested) blue-green algae were more nume- 
rous in straw-fertilized variants (3.4) than in the non-fertilized ones (0.6) thousand/1 g 
of soil). In this case the amounts of other algae remained almost equal. In the variants 
with earthworms (500 specimens/m?) in non-fertilized and straw-lertilized soils the 
amount of algae was almost two times less when compared with control figures. 
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Fig. 1. Gradual decrease of algae in relation to the densities of earthworms (°%,): Vr, K — type 
of soil: 1 — non-fertilized; 2 — fertilized with Nu: 3 — non-fertilized (in a field experiment 
barley grown everywhere; 4 — fertilized by straw (without plants); the numbers of earthworms 
in a vegetative pot being 8; 10; 30, in a field experiment 500 specimens per m?: a — green algae 
b — blue-green algae; c — diatoms: k — control. 
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These data indicat that a reverse ratio is existing between the numbers of earthworms 
and those of algae both in vegetative pots and under field conditions (table 6, fig. 1). 

It is to be noted that the effect of different numbers of earthworms is also positive on 
the oat crops both in the vegetative pots and in field experiments. Oat crops increase 
by 50—200 per cent. 


3.4. Algae investigations in the intestine of earthworms 


Having observed gradual decrease of algae when the numbers of earthworms in- 
creased we undertook some studies to elucidate the causes of this phenomenon. For this 
purpose we observed algae in the intestine of earthworms in the laboratory. 
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Fig. 2. The effect of earthworms on the structure of the V soil (on the surface of a vegetative 
pot): k — control; the number of earthworms in a pot being 32. 
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Fig. 3. The effect of earthworms on the structure of the K soil: for other explanations see fig. 2 
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Earthworms (A. caliginoas) were taken from the soil, put in the wet chamber on the 
filter paper and kept there for 3 days in order that all the soil be removed from their 
intestine. The earthworms having no soil in them were put in Petri dishes (5 dishes each 
containing 2 earthworms). On agarized medium mixed algae cultures were grown in 
Petri dishes. Petri dishes that contained earthworms were analyzed with luminescent 
microscope and no destruction of algae cells was noticed there. This showed that mucous 
substance and excrements of earthworms were not toxic for algae. 

Intestine contents of earthworms kept in Petri dishes were looked through by micro- 
scope in separate parts. In the front part of intestine following species of green algae were 
found: Asterogloea sp., Schisochlamis sp., Chlamydomonas sp.; blue-green algae found were 
Calothrix jelenkinii (a dominating species), Stratonostoe microscopicum, Amorphonostoc 
punctiforme, Cylindrospermum sp., Phormidium sp. and others; diatom species were 
Pinnularia sp., Navicula sp. In the middle part of the intestine bacteria prevailed though 
algae cells were also seen there. The back part of the intestine contained only bacteria. 
Various amounts of bacteria in different parts of the earthworm intestine have been 
observed by Day (1950) and Kaztovskasa (1969). We also looked through the microscope 
at the intestinal contents of earth worms kept in the soil. In the soil that has previously 
been in the intestine we could recognize only some cells of green algae while only cell 
walls were seen of those algae that belonged to other groups. 

These two observations have shown that algae ingested with the soil were digested. 
'This faet accounts for the disappearance of algae when there is a larger amount of earth- 
worms in the soil. 

VoknwyANINA (1972) reports that she succeeded in growing algae (Chlorella sp.) 
obtained from the digestive tract mites (T'yrophagus) and excrements of Enchytraeidae. 
This shows that not all algae are digested in the digestive tract of minute animals. 

Regular decreases in algae densities in relation to the numbers of earthworms in 
all the above experiments is a direct consequence of earthworm activity and their ability 
to process large volumes of soil. A very distinctive difference was noted in the soil 
structure in vegetative pots when the controls were compared with those containing 
earthworms (fig. 2—3). The disappearance of some algae in the variants with earthworms 
shows that earthworms have passed all the soil of a vegetative pot through their diges- 
tive tract. In nature earthworms also pass through their digestive tract large amounts 
of soil (5.6 —210 t/ha) DuxcER 1964). 

Thus the results of present investigations have shown that in calculating the amount 
of algae and their biomass it is not enough to take into account ecological and agrotechni- 
cal factors; of great importance is also the densities of earthworms situated in the soil. 


4. Conclusions 


There is a close correlation between the amount of algae and the densities of earthworms in the 
soil. When the densities of earthworms increase, the amount of algae decreases. 

The effect of earthworms on separate groups of algae — greens, blue-greens and diatoms — 
is the same. As blue-green algae and diatoms are less numerous, they consequently disappear 
sooner than green algae when the densities of earthworms are greater. The passage of soil through 
the digestive tract of earthworms results in the digestion of algae. 


5. Pestome 
(O. Araammnrre n Y. Honene: EooireerBo nogopoczeii B 33BHCHMOCTH. OT JIGsITeZIbHOCTH M UNC- 
JemuocrIt j10:R7teBbrX "epneit B mone) 

Ha ocuone iponejenmax n 1969—1971 rr. iccae;tonamirii B BereTaIurommbriX. COCyY ax M MOJE- 
BBX OITAX JOKa3biBaeTOes GO/blasl 34BWCHMOCTb MEWY KOMMYECTBOM BOjlOpoczreit M wuirczremn- 
HOCTbIO JOxjteBbX uepBeit B MOUBe, © yBe:tuenmeM KOTMECTBA uepneit wiezenmoerb B0jtopocireii 
IIpOIIODIUTOWAJIbHO y MeHbIUIAeTCsI. 
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Baranne vepreii naorgezbmierpyntb: Bogopoczeii ogurakonoe. Cirie-3e720]bix H ATATOMOBLIX 
nogopoczeit SHBaeT Meine, mnoorowy mpir 6oztbrrew. KONUYECTRE "epneit onm óbrerpee meueaaloT. 
Yepsit, rrporyekast IouBy Yepes mimensapirrezbmbe Oprah, mweionrecsr B Heit nojiopocinr Nepe- 
BApHBAWT. 
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